P Pu ur rp po os se e: : To describe how we implemented a protocol for perioperative beta-blockade in patients with or at risk of coronary artery disease (CAD) undergoing major non-cardiac surgery and to present our results.
M Me et th ho od ds s: : After institutional approval, from May 1999 to April 2001, patients with surgical and medical indications (CAD as indicated by previous myocardial infarction, typical angina or atypical angina with a positive stress test or at least two risk factors for CAD: age 65 yr, hypertension, smoking, high cholesterol, diabetes mellitus) for perioperative beta-blockade were identified preoperatively by anesthesiology and referred to the General Internal Medicine Service (MED). MED initiated patients on outpatient beta-blockers. The intraoperative anesthetic management was left to the discretion of the anesthesiologist. In the postanesthesia care unit (PACU), patients received iv metoprolol according to hemodynamic criteria. Postoperatively, patients were followed by MED for adverse cardiac events.
R Re es su ul lt ts s: : Sixty-nine patients received perioperative beta-blockade. Preoperatively, 60% were started on metoprolol, 39% on atenolol and 1% on propranolol. In PACU, 42%, 9% and 38% of patients were given iv metoprolol 0, 5 and 10 mg respectively. One patient was given glycopyrrolate in the PACU for bradycardia and none received vasoactive or inotropic agents. Three patients (4.3%) had postoperative cardiac events.
C Co on nc cl lu us si io on ns s: : With close collaboration between anesthesiologists, internists, PACU nurses and family physicians, a strategy for perioperative beta-blockade was implemented successfully in patients with cardiac risks. Beta-blockade was associated with few side effects and morbidities. During the perioperative period, the exaggerated sympathetic response that is associated with substantial increases in the heart rate (HR) throughout the hospitalization appear to be implicated in the occurrence of postoperative ischemic events.
Objectif
1 Several studies have shown the efficacy of perioperative beta-blockade in reducing the incidence of mortality and cardiovascular events in the perioperative period. Mangano et al. reported a randomized controlled trial of 200 patients with or at risk of coronary artery disease who underwent non-cardiac surgery. 5 Overall mortality was significantly lower among the atenolol group than the placebo group for up to two years following hospital discharge. Wallace et al. 6 concluded that perioperative administration of atenolol to patients with coronary disease significantly reduced the incidence of postoperative myocardial ischemia. Poldermans et al. showed that in high risk patients undergoing vascular surgery, perioperative bisoprolol reduced postoperative cardiac mortality and morbidity by 90%. 7 Although many believe perioperative beta-blockade is indicated for patients at risk, there are several logistic difficulties in applying it to our patients. First, potential candidates for perioperative beta-blockade may be missed unless there is adequate screening preoperatively. Second, most anesthesiologists do not have the time or availability to initiate beta-blockade preoperatively and to follow-up patients postoperatively. Third, iv atenolol 5 or bisoprolol 7 is not available in Canada. The purposes of this study are to describe how we planned and implemented a practical protocol for perioperative use of beta-blockers in patients with or at risk of coronary artery disease undergoing major non-cardiac surgery in our institution, and to describe the results from our first 100 patients.
M Me et th ho od ds s Preoperative management
The study protocol was approved by the Research Ethics Board, University Health Network. The implementation of perioperative beta-blocker strategy in our institution required close collaboration and team work between the anesthesiologist, the General Internal Medicine (MED) service, the family doctor, the surgeon, the postanesthesia care unit (PACU) nurses and the patient.
From May 1999 to April 2001, the identification of patients for perioperative beta-blockade started in the Anesthesia Preoperative Assessment Clinic. All candidates suitable for beta-blockers who fulfilled the inclusion criteria set by Mangano et al. 5 (Appendix 1; available as "additional material" at www.cja-jca.org) were identified by the anesthesiologist and referred to the MED consult service. MED assessed patients' medical and surgical indications of perioperative beta-blockers and for any contraindication to beta-blockers. Patients on chronic beta-blockers were excluded from this perioperative beta-blockade protocol. MED ordered any further investigations to risk stratify patients before initiating preoperative beta-blocker therapy. Postoperatively, after these patients were discharged from the PACU, the MED service provided follow-up for patients on the wards until they were discharged home. MED ordered the required investigations for any patient who was suspected of any adverse event, e.g., angina, myocardial infarction, hypotension, congestive heart failure or ventricular dysrhythmia and they were responsible for necessary treatments.
Two information sheets were developed; one for the family physicians (Appendix 2; available as "additional material" at www.cja-jca.org) and one for the patients (Appendix 3; available as "additional material" at www.cja-jca.org). Patients were seen by the family physicians within one week of starting the beta-blockers, provided there was time prior to scheduled surgery, to assess any potential side effects from the new medication and for adjustment of the dose of beta-blocker to reach the target HR and blood pressure (BP). Family physicians and patients received explanatory notes on the rationale and practicalities of perioperative beta-blockade.
On the day of surgery all patients were advised to take their oral beta-blockers. On arrival at the hospital, BP and HR of patients were measured and recorded in the chart.
Intraoperative management
The intraoperative anesthetic management, monitoring and other aspects of perioperative management were at the discretion of the attending anesthesiologist. There were no restrictions for postoperative analgesic management.
Postoperative management

A) PACU
The patient's BP and HR were monitored every five minutes by automatic BP cuff prior to and during the period of iv metoprolol administration. 132 CANADIAN JOURNAL OF ANESTHESIA F PACU nurses administered iv metoprolol to patients according to specific guidelines, observed side effects such as hypotension, bradycardia, congestive heart failure, heart block or bronchospasm, and notified the anesthesiologist for appropriate management.
G Gu ui id de el li in ne es s f fo or r a ad dm mi in ni is st tr ra at ti io on n o of f m me et to op pr ro ol lo ol l i in nf fu us si io on n i in n t th he e P PA AC CU U The iv administration of metoprolol infusion required a systolic BP 100 mmHg and HR 55 beats·min -1 at any time. If the initial PACU systolic BP was < 100 mmHg or HR < 55 beats·min -1 , no metoprolol was given. Otherwise, 5 mg of metoprolol were infused over ten minutes. Five minutes after completion of the first dose of metoprolol, if the systolic BP was > 100 mmHg and HR > 55 beats·min -1 , another 5 mg metoprolol were infused over ten minutes.
B) WARD
In the wards or intensive care unit, patients were followed-up by MED. Beta-blocker administration was continued providing BP and HR guidelines were met. Ordering of further investigations and clinical management were left to the discretion of MED service. Patients were assessed for the presence of any adverse cardiac events in the form of myocardial infarction, unstable angina, congestive heart failure or ventricular dysrhythmia as defined by standard criteria. 6 C) DISCHARGE Unless there were contraindications, patients were discharged home on beta-blockers to be followed-up by family physicians. D Da at ta a c co ol ll le ec ct ti io on n All patients identified by anesthesiologists and accepted by MED for perioperative beta-blockers were recorded in a registry. Postoperatively, patient data from preoperative, intraoperative, PACU and ward phases were collected retrospectively by an anesthesiology fellow. Data were entered into a Microsoft Excel spreadsheet (Redmond, WA, USA) and subsequently analyzed by SPSS statistical software (Chicago, IL, USA). Continuous data are presented as mean ± SD while categoric data are presented as numbers and percentages. R Re es su ul lt ts s From May 1999 to April 2001, 100 patients were identified by anesthesiologists and referred to MED for perioperative beta-blockade. Of the 100 patients, 31 were excluded by MED due to contraindications or other reasons: two had contraindications to betablockers, seven had unstable hemodynamics, 15 had low medical risk of developing cardiovascular morbidities (decided after reviewing further cardiac testing), three had low risk surgery and four were rejected for miscellaneous reasons, e.g., diabetes. Sixty-nine patients fulfilled the inclusion and exclusion criteria and were started on oral beta-blockers preoperatively.
Demographic data, inclusion criteria and surgical case-mix are shown in Table I . Cardiac investigations available at the time when patients were seen by MED and further tests ordered by MED are shown in Table  II . The results of the newly ordered stress myocardial perfusion scans showed either no or limited reversibility. The only coronary angiogram ordered in a patient with discrepancy between clinical status and stress myocardial perfusion scan showed noncritical coronary artery disease. The results of a new cardiac investigation requested by MED did not affect the decision to proceed with the proposed non-cardiac surgery. None of these patients underwent prophylactic coronary angioplasty or coronary bypass surgery before the planned non-cardiac surgery.
Sixty-nine patients were started on beta-blockers in the preoperative period for a duration ranging between one and 45 days. The type and dosages of beta-blockers are shown in Table III . In the PACU, 29 (42%) patients received 0 mg metoprolol iv, six (8.7%) received 5 mg metoprolol while 26 (37.7%) received 10 mg metoprolol. Eight patients (11.6%) missed the PACU beta-blockers protocol due to omissions by anesthesiologists or the PACU nurses and did not receive any iv metoprolol in the PACU. Beta-blockade was continued on the wards for these patients. Hemodynamic aberrations in the operating room or PACU were treated as required. Nineteen patients (27.5%) required the administration of ephedrine, phenylepherine, atropine or glycopyrrolate. Except for one patient who needed glycopyrrolate 0.2 mg in the PACU to counteract bradycardia, all drugs were given inside the operating room.
In the wards, two patients had episodes of hypotension which were responsive to fluid administration. Three patients (4.3%) sustained a postoperative myocardial infarction during the first 48 hr after surgery, which was treated medically. Two of these three myocardial infarctions were accompanied by congestive heart failure. One patient had a hypoxic episode secondary to atelectasis. All patients except one were discharged home on oral beta-blockers (44 on metoprolol and 24 on atenolol). The only patient whose beta-blocker was discontinued postoperatively had severe hypotension in the ward due to excessive blood loss. D Di is sc cu us ss si io on n Perioperative beta-blockade in patients with or at risk of coronary artery disease was instituted successfully in our hospital. The majority of patients tolerated betablockade without difficulties and there were few adverse events.
Of the 100 patients referred to MED, 31 were excluded for various reasons. Anesthesiologists used inclusion criteria outlined by Mangano et al. 5 The most common reason for exclusion by MED was determination of a low cardiac risk after results of additional cardiac investigations were known. It was felt that perioperative beta-blockade would not benefit patients with low cardiac risks. 8 The most common indications for perioperative beta-blockade were age 65 yr and hypertension. Fiftytwo percent of patients were from orthopedic surgery. Mangano's 5 surgical population consisted of a balanced mixture of major vascular, intra-abdominal, orthopedic, neurosurgical and other surgeries. Our institution has clinical foci on neurosurgical, neurovascular and orthopedic cases and our study population reflected the predominance of such patients.
Nineteen percent of the patients needed further cardiac investigations in the form of echocardiography, stress electrocardiography/myocardial perfusion imaging or coronary angiography. However, the results of the stress myocardial perfusion scans and coronary angiography did not affect the decision to proceed with the scheduled surgery or result in coronary revascularization before the non-cardiac surgery. Current evidence suggests that preoperative prophylactic coronary revascularization is rarely indicated except in the presence of independent indications for coronary revascularization. 8, 9 Our patients were started on oral beta-blockers one to 45 days before surgery. Our protocol is different from Mangano's 5 where iv beta-blockers were started 30 min before patients entered the operating room. Our goal was to have the patients in a steady state of beta-blockade at the time of surgery. This may explain that 42% of our patients did not require any iv metoprolol and 8% of patients received a half dose (5 mg) of metoprolol in the PACU. In contrast, in Mangano's 5 study, 74% of subjects received a full dose, 10% received a half dose while 15% did not receive iv beta-blockers in the PACU.
Provision of preoperative outpatient beta-blockade has several potential advantages: a stable hemodynamic state, dosage titration preoperatively, detection of adverse effects to beta-blockers and allowing MED to know the patient before date of surgery. For institutions with adequate MED support, the above is the recommended approach 9 and has worked well in our hospital. However, for institutions without the necessary MED support, administration of preoperative beta-blockers immediately before surgery may be the only option. Regarding postoperative follow-up and titration of beta-blockers, MED support is essential as most anesthesiologists do not have the time or availability to care for patients on the ward. In Mangano's study 5 , iv atenolol was administered in the PACU. One impediment to implementation of perioperative beta-blockade is that iv atenolol is not available in Canada. After review of the literature [10] [11] [12] [13] and consultation with the hospital Pharmacy and Therapeutics Committee, a decision was made to use equipotent doses of iv metoprolol (0-10 mg) in place of atenolol (0-10 mg) for PACU beta-blocker administration. The PACU nurses, previously not certified to give iv metoprolol, were trained regarding the criteria and method for iv metoprolol administration and observation for side effects e.g., hypotension, bradycardia, congestive heart failure, heart block or bronchospasm. This allowed them to give iv metoprolol under the indirect supervision of anesthesiologists.
In previous perioperative beta-blockers studies, oral beta-blockers were continued for seven days 5, 6 or 30 days postoperatively. 7 All but one of our patients were discharged on oral beta-blockers. Current literature suggests that long-term beta-blockade in patients with coronary artery disease improves long-term outcome.
14 Discharging patients home on chronic beta-blockers appears reasonable in this context.
Nineteen patients required vasoactive drugs to maintain hemodynamics. The majority of patients were elderly with co-morbidities undergoing major non-cardiac surgery with substantial blood losses. In addition, many patients received spinal or epidural anesthesia. Therefore, the incidence of perioperative vasoactive drug usage was not surprising.
There was no mortality in our patient population. The incidence of adverse cardiac events was 4.3% and consisted of nonfatal myocardial infarction with or without congestive heart failure. A recent meta-analysis 15 consisting of 1,994 cases undergoing risk stratification before vascular surgery showed postoperative adverse cardiac event rates from 2.6% to 21.7% with a mean of 11.5%. Our low cardiac event rate may be attributed to a different risk population or our nonsystematic search for postoperative cardiac events. There are several limitations of this study. First, despite our best attempts to implement perioperative beta-blockade in enrolled patients, eight still did not receive iv metoprolol as per protocol. We have since instituted several measures including putting a "betablocker protocol" label on the operating room list and putting a colour sticker indicating "beta-blocker protocol" on the anesthetic record to avoid protocol failures. Second, this is a retrospective cohort study intended to describe our experience at implementing a program of perioperative beta-blockade. It is not intended to demonstrate the efficacy of beta-blockade in reducing perioperative morbidity and mortality which has been shown elsewhere. [5] [6] [7] Third, the ordering of investigations to confirm postoperative adverse cardiac events was left to the discretion of the MED team. Therefore, we may have underestimated the true incidence of adverse cardiac events.
We have shown that perioperative beta-blockade can be implemented successfully by a multidisciplinary approach with a defined protocol, vigilant screening at the anesthesia preoperative assessment clinic, cooperation of anesthesiology and MED, training of the PACU nurses, and education of family physicians and patients. Patients were initiated on beta-blockers on an outpatient basis and discharged home on betablockers unless contraindicated. There were very few side-effects from beta-blockers and infrequent perioperative morbidities.
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